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(57)Abstract: 

PROBLEM TO BE SOLVED: To bias the emitter-base 
junction of a lateral NPN forward by providing a substrate bias 
circuit for triggering a lateral NPN transistor. 
SOLUTION: A lateral NPN transistor 104 is arranged in a 
substrate layer 102. The lateral NPN transistor 104 has two N 
type diffusion regions 106, 108 as emitter and collector, 
respectively, and the base 1 12 is connected with the earth 
through the substrate 102 and an associated resistor 1 14. A 
substrate bias circuit 150 may be any circuit so long as the 
voltage across the substrate resistor 1 14 is increased during 
occurrence of ESD phenomenon. This circuit increases the 
base voltage of a lateral NPN transistor 104 to bias the emitter- 
base junction forward thus triggering the lateral NPN 
transistor 104. The NPN transistor 104 clamps the voltage of a 
pad 1 10 at 5-7 V and dissipates the ESD current to protect the 
internal circuit 109. 
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1 

[Id** 1 1 t ir»#t6ifN p n 

(esd) aft#jE«Tt^ns«tt«S(o 

[«**2l ItOlffigPNP Vv^^^Hf X. 

4>ft< £ t> li^tf npn h7V^^^riiS^£E 

^^(7)-<— *:J3J;lJ<ffmH^oSS:jgPNP h^>^ 

lWiM>fc< th li^NPN h v is is* ? ^ftJfE^— 

p h 7 «rl Ut E S Dt»S:i«tftPI ^ , 

li(r8EiJ>fc< £fc llONPNH V^^COttfBE^— ^ 

frizmm-Tzm, mn^< tt> ii@©npn h7Vv> 

[«H*>&lnfeR91] 
[0 0 0 1 ] 

*»WWtCMOS*a®KlC*5tt-5E SD§8 
[0 0 0 2] 

[»W3&**»UJ: 5 £-#-<5RJB] *fflinij& ( I c) 

ttn^rfc, :tiboicii, ^3fr«as«ffi^3. 3vr- 

O) t'y(;3. 3 v£;*jQ;LTt>, SMHfcRRSfcWt*^ 
I CtC J2 6 0pd-V^^ h * — ^o^gcoy— h»ft 

[0 0 0 3 ] cuftfeoggldtt, ^m^v^m (ESD) 9k 
«IS*R«-K:*:*ft«»«:aiiA«. hg£{t4fcte, I 



(2) 4#M¥9- 1 0 7 0 7 4 

2 

ftl\> Lfc^ot, y-hft^NMOSh7^^ 
^ itff M^SCR l^JaVllHttX*) , 
HB* S c RO J; 5 4M«ftE S DttSSIKa, 

R (ML SCR) {d£><^T\ I /O tfyt:*aSil*:rt 

tl^o MLSCR12I1 i/ot'yi4 — :*G 
hy#«JBE (#3 2 0 V) Wt, htt^-Tri— K*-frO 

tll»12V-15V) «tn«K U:^oT, F*)3S 
[HISS 1 6 2* ML SCR 1 2 0»«(7> 

[0004] i/otr^^sttSttfcrtSBHiiS^r— ^ 

-K20*l /ot'y l 4 £«««ffiv C c£^Wnc««c 
^ltS2^t- K2 2 3* I /OtfVl 4 £T 

tifcN+/p^t- K^SE^ 7yt'y^1#tt^io 

s8k**n/t(ft«iii»3a4KidsnTi^5. 

[0 0 0 5] 

«fltsiKo^ae>0!>E sd 

PNh7^^i\ i/O^s/ K£T — *£<Dffl\z.m 
S^5o ESDSt*]B*rv^lB, X4K%«t«S:a 

PNIi E SD«»t»itt5fcJ!)Oi!!ft«t8«t? 

[0006] *^8^co i oofij^^, i^^^: ^ p yo» 

[0 0 0 7 ] *«W^*/tjgiJO*lJ/^«, ^ nyo 

«t«tt«OCMOSMlI[:^^T, /<57— -T* 

5(7 [0 0 0 8 ] &3£W<?>£ bfcSUOflJ^^, -f-y^^u^ 



3 

(Dfln^k»<DCMostt3ixa«w*5i^r, m^ztiz 

[0 0 0 9 ] 

[0010] ^^^>{i]ffi{cjo^Tt>^1-6#^^J:U ; 

[0011] H3tt, *^WaSESDMSf 1 0 
0(OiT-fcS. St£S 1 0 2CO*(C, IINPN h^V 

P +fiS©i^Pixt7^^t^gt^6l^^ 
^ e WNPN104I1 2fi<0NJgffi»$(«l 0 
6, 1081:, ZtUfti, ^.fctfa £ L 

rttSo Sf*8l0 6*5j:tJ«10 8H RftHggiJlc 
J: Dflp»4ixS*/hlHIB*;it, «*.«(>. 7 ^ 9 n vfi 

0 6 (^^) ^Lt»ii| 

108 (alx**) »I/O/^Kll0t«fi6$tl 
6o 11211 StRl 0 2 t*:ti\Z.ttM-tZ>&tfi 

[0012] StR^^T r^lIBl 5011 E SDW 

^oT, I <7)@5§|j:||f N P N 1 0 4 (D^-^ (Otff 

U -t It N P N h 7 1 0 4 £ h L> ^t5o N 

PNh 7 10 4 K 1 1 0 <7}^jE3r 5 — 7 

tkf&^-frSo - j: 5 (at, rt»io9«^ 

[0 0 13] H3^*S*tfc*lSW«>aES/<-YT^igK 
15 011 K l l 6$:ttSo Kl l 

6 11 N#*3i/H 1 80ti:P«ttf««l 17ti 

tr^^o pr*ta«ii7ii i/o/^fiio 

«««ffiv C c* J . N«S»««i2 0i: 

1 2 2^ft5o PNP h7^^ 1 2 2 1281 

Kl l 6«cS»W^iB*a*ixS. P»t« 

1 1 7 l51f<7)Iit^PNP h7V^^ 1 2 2 (7}ai ^ 
:y^£r*fj&U 2 4^, NJgfrJVH 1 

8 (OWftMi 1 2 6 £ N^ffiKfttt 1 2 0 t It, ft 

#1 l 4£iILT, 7-^(:^^ix6 0 WPJoio 



(3) ^J8¥9- 1 0 7 0 7 4 

4 

[ooi4] e s Dytm<nTX<Dtf\U<z>®&<o9b 

ft&mw-rz>* lMtii i/o/^kii 

-T^<t, ESD^Mf PNP 1 2 2$rIot«tl 
#r<&5. :©t»l:iSSR8i l 4 0Bj|iDte^l| 

^l, Ifc^ot, WNPN1 0 4^-^(Dlff^ 

±f;&n-f<5o »ftw»2S»-?il Wnpnio4^ 

10 4^h U;tf£*X£o WNPN 104C0^7VtV 

^«mi *»7-f^KiMt«Mos8i(o^tj/^ 

h ^10 4 £ii trtilt 5o W}VE<oMc&<Dgc 

MTCIl NWf««10 6^ iffil02^ 
^r.A-1 18^ P 1 1 7 *1<5B* 

OSCR13055H y ^^^rfflV I 2tff^^7y 
^.^»bJl8. SCRUOOBf (P*S»««11 
7) (NW9«10 6) ^OfBOffilKLl 

11 SCR13 00/t-;uFlE^t^o ^<7>* — 

#Jx.Jl 4. 5VOSSr^5C^^5o SCR1 

3 0i^fc, PNP^rhD^^tiSo 
Iffil0 2l:Six^='U^^^li, Sffil0 2(^f 
(NWSS810 6) T 
J0 ^ fc£ DWNPNi 0 5 £ b V tf-tZZ.tfr 

^If6T-&> t? > * LT^C SCR1 30^hy ^ff5^ £ 

i:, 4V { t^^^iElc^7^y^n5J:5{:SCR 
l 3 o#Rtt kt>W3z b^ N o 
[0015] *3S^ia5E SDMgf l o ottffl^ 

t\ i/O^y Kl l 0lC*3tfS«ffi^*jH«jEVcc^ 

^ jgr5 0 0Jx.ll 2. 5V»^i:MLtgfi^8iSJti 
La>LlW(Z>i&icji ov^^3. 3vir-oi 

Sco i /oft #£§tf*S 0 «iR«£EVcc«t t> 
tE^rl/O/^ Kl l (rt^ (i-ftfr *fe>, 2. 

5VgfT'3. 3V£^tf&6) r£fl M^flO 

10 011 '^V — Ty^'iS—frlsXbtei&fflffiTrfo 

(-Tftfc>*>, 3. 3V<Z>«*) iil/O/^K 
1 1 0lcltbJi5», Ktl 0 Oft* h l^&gtffc 
50 i\ 



(4) 



1 0 7 0 7 4 



[0 0 l 6] **W«>co#*Ulr^lt«rr4, VccJ: 

li, H4«c***tfc J: 5*^*— K • * h y v^i 3 
2^tn o ^t-K^h!/^l3 2ll I/O 
ki i o tmmm&Vcc£<nffiiz.1£%l£*iZ>o pn 
^ K i 3 4«**ox^ y hr-*ot, ^er.r- 

Fli^CI^MfPNP h7^'^^l 2 2(7)^ 
ISJgPNP h7Vv ; ^^Tl-T4$:ix.fc4^PN 

p^-yy hy®s&i4 2t-fc5 0 y-y> hvmi 

4 2<D^ j/^fi I /O^^ Kl 1 0t£«fifc£*U 

[ooi7] ^-yvh ^ms&^PiS^^s^^iB-r 

fiXWPN P b 9>"Z'X*<D'<— X • ^ y#fg^<Dm 

[0018] mi ni o««t 1 1 te#ctf>?*: 

[0019] 

[3fti] 

,QVdi, 



I i = I o e x p C 



kT 



-) 



[0020] r. r.T-, i 0 ttP +/N«-&co«&?p«iffi, 

[0 0 2 1 ] 
[^2] 

I 2 = I o e x p ( ) 

kT 

[0 0 2 2] AV= (V D i-V D2 ) t*5<ftb«, 

[0 0 2 3 ] 
[38:3] 

— = e x p (— — — ) 

I 2 kT 

[0 0 2 4] t4bfe, Ii=(l+fi) 12 
[0 0 2 5 ] 



[&4] 

kT I 2 

AV= 1 n (1 +£) (— ) 

Q I 2 

[0 0 2 6 ] Lfc^oT, niOh7^^^h!) 
[0 0 2 7 ] 

n (n- 1) kT 



ViN=n Vdi — 



■\ n (1 +£) 



ifl 2 q 

[0 0 2 8 ] :o^gili, V A / [k T 1 n (I 

i / io ) ] *>#-S\ -fft;bfev D i = v A /n^, 
[0 0 2 9 ] Sfi710 P N P <D j3 (OfcafrM* ^ti^ixtT)*' 

10, 2 0 <7>i§-&tCO^T;^ Lfc^tfSH 6T*fe6 0 j3 = 

io l^jfcMAy^^^^-- k • ^ h y y^ic^t 

5<Di^, 1 liO^t- K • * h y ^^^14 V 
(7)^7y^IE^M^^o S*<ov A fit, l 2B£i 

[0 0 3 0 ] S5^1J*§X@(C*5^r, *<C5^7-^x 
[0 0 3 1 ] tt^Sftbll jE^Si^fc^^rVcci: 

nr^5<t 31-, ^-y>h>isi^i4 2os^f 

^w^ff^, «««fliVcc^Toiffl^J!H#ftt-<'< 
Z 0 9 , 1/0/^ Ki 1 o^IE^l 

[0032] ^s/ Kic»t 6 ^ 7 > try/fiE«r*** 
I8(^^ixrt^j:5^, y v hvEJSSl 4 2(7) 
5(7 -KSSt*Rl-R3S:Efilt5Ci:^S. fittil 
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Rl-R 3 12, Vccf-ifi^ b9>"&X#i:1km\zyt>'\z 
■tZ^h\c£*) , ? 9 is V it £b 

Ctlfe^«it*ttR. R/2, R/3, R/ 
(n-1) CO J: 5«wJtWU/t*# $s:^r-rs 0 Wtll 

I /O^y Kll 0M*5^T«ieKJM*l mA0>»-§\ 

[0 0 3 3 ] l9IOT^ilT^5i:5i-, »NPN1 
04IJifc, f h 7 y ^ N 1 ~N 4 ^rf 

-fZ>Z£&*V$Z. «J£NPN h 7V^^N 1-N4 
<7>^;ft,-m *i2, g1£cDS$it££l 1 4lc«^^n 

5* ttl^tKD^^ y?X$T—7> (V S s> lc«JK£*u 
^Lt^enfix^ai/^^li i/o^y Kll 0M*U6 

[0034] Hi 0J2, ttfl^l/^T!) h^lo^ 
IfjOl-C*>6 0 Hi 0tC;5*$JxfcU"f T * H2, 4{@ 

7y^^Nl-N4|j:, S*R1 0 2 <7>*ON?g4fc*ft 

St9«10 6*5j:(J«10 8l4, T-^Vss (N»4fe1R 
««106) *5iVl/O/^Kll0 (N^ffi*«* 
10 8) l£3fcHtC*«S*LS 0 N«ttt9«10 6^N 
Wtt*«*l0 8^^IB«>|IBRiEIBL2»4, Rfff-«M^ 

D l*5j:tFD 2 12, 3^nyoitt^5, 
[0 0 3 5 ] ¥4* — Hi 34/PNP h^V£\*^T 

1 — T 4 <7)^*1 -^tUi, ^tlfilO^x/uaSi l 8(7) 
^OliOP«f«l 1 7 £ licON»tttH«l 

2 o £4JB^T\ SU*^*^HB*i l 8<D<p\£ft&$ 

il5 0 f lPNPh7 V^^T 1 OPfWH I X 
O^j/ Kl 1 0C*fiSn5. Nfl0««l 2 0 12, 12 
2 (^PflJflB«l 1 7C8iffi$tl5 a #C*C, » 
2^X — v>T 2<7>N?^1p^l 2 0 f2, f377-^T3 
<OP««*l 1 7«C*«t*Jx«. 11^7^141 
-CCOct 5 **JHl5^tT*5nS. S|0^7-v ; T4^)N 



(5) 1 0 7 0 7 4 

S 

1 1 7 fc*ftfc*fcifi^N#*««*l 0 6 

t^T^5o S C R 1 3 0 Ktff *9l;StS^ 

12, ^COMIHiEBt^fc-So «Wtt 7 0 ^ * p yoitf 

(-r^frib, 0. 5 s*n^eiT^Rtf»ay*jH^Ttt 

tf, Hl0<7>WT£M£j;!3, 5 6 0 0 ^n VOg 
10 ftO«*j&*»fc*l,<&. 

[0 0 3 6 ] Hi 1(2, *«9JtcJ:&£dUg hy^fES 

60 »NPN h7^^^ 10 4^, 10 2 0^ 

©N«ffi»fl«10 6, 10 8?:flWM^W a N 

«fWio6^i:r;io8ii, r— ^v ss (N?m 

«108) \Z.&K\cmmt!tlZ>o Wil0 6i:tf 
«*i 0 8 £*>W<Drai«ffimL 2 14, KtHSMUJcJiOff 
S*nS*/hffiBt ("T&fcfe, 0. 7S*n^tf>g£) 

K/SilC^PNP h^V*^^ 1 2 212, 28^P» 

Hi: iffl<7>N^#»««i 20i SrJHi^T, 
^^a*ll80*|:ft«Jti5. PJMW117B 
I/O^sx Kl 1 0{c*JBi$nSo N*««12 0I4V 
cc^«**^S. P«a««*^J:ifN«tt»««<DB 
D3(2, 5 ^ ^ o y©s*r-*5 r ^r^t^ 5o p^m 
»^ H7i *ix^*t>5fi^^N»ifc1R«« 106^ 
PfloPflPiSESSL 1 (2, 3. 5^py(o§sr^5:i 

J0 ri*T-£6 0 S C R 1 3 0 <7)*— /I, KtE^R^tS^ 
12, roPrBBEl8^*>« 0 iwii 7 0 ^ p yoiSt- 

[0037] Hi 2 12, h ^WNPN 

10 4 cDfc^co^fcSUcDg^^-Y T ^IhIS^coHT-#>5o 
B l 2 0>3MB«t?HU S«R^YT^®Kl 5 012, 
^x/H 5 2CO^«OP^y— ;*/ KU^^^cl 5 4*5 
^^156^ y-hl58<h, tfifc*«PMOS 

h7>^^i62^ft5 0 y-^/F>^y«i 
5 412^2/ Ki 1 o{c«jgg^n, ^trv-^/Ki/^f 
^««i 5 6(2s«i 0 2<D*p{z.m.mzMm£intiPi& 

riPMos h^^-v^^ 1 6 2^«j**j5eujBii+'5i: 5 
h i 5 8tfs*jfS£n5o iJE^PMo s^y 

1 6 2*riior P«tt*fl(«l 6 OMSEixSPS, 
miBt?RWU*l**-e»f^3ft«*«-*-S. WNPN1 0 

4 *2, stgsa« 114 (omi&nm.E.nmxK x ^ hy 
^iT/^Kiio^iff^^7vyi, 

50 [0 0 3 8] Hi 312, *&m\Z£Z> h !)«fNPN 
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60 m l 3 0>3Mfc«-CHt, StR'*W7J*igftl 5 0 12, 
N«y-VK^^Wi6 4*5j;tfi66t, 

M68^ NMO S h7^^^ 17 2 

?:ft5o y-VKWyffl«164tt^yKH0 

1 0 2 0*tiit*ME11*nfcP»lt*««i 6 0{C^ 
«**c£ix6 0 IPNMO Sh7 ^V?*^ 17 0 Sriio 

•c»fp3ft«»«-#-8. »npnio4ii £«««:« 1 

[0 0 3 9 ] «**n*:**«4r#flHbT*»W3&««W 

[0 0 4 0] JBUboREKBB UT5E«cfiilT^9IS:HI*-#- 
( 1 ) Etta*-"*-* £ LT»fft5*»N PNh7> 
omffotf^c^J: 0WE«fNPN h^v^^S: h y 

(2) SSlTC«t7>E SDtft«EIKti45t^r, fitjfss 
ffi^-Y T^Iflli&^S^roSill^P NP h7^^^4i 
fcfcW*— K*:*U a>offiES««tt«*»LTtfi 

Et^NPNS: h y ^-rs^^jcffjgEB^^sai^PN 

P h7^v>^^^^ l/^^^t9l2«*NPN h7^^ 

(3) »2*E**>E SDfftWEIftfc^T, ^12^ 

SrfrrS, fitjfEE SD«»lEli«o 

(4) S33g|5«(OE SDftSS^^^r, JWEP 

(5) JSlTO«OESD««liIK^*5V^r, fiiJE* 



(e) ^i?9- 1 0 7 0 7 4 

10 

B51BE SD«»[alfto 

(6) jB2q(ia«oESD««ig»(c*5t^r, mia^ 

EE SD^MtHl^o 

(7) »6«E*<^E SDiSttSftfci&^T* ffiE* 
»NPN^a»fi^)NPNh7y^^«:tt, 2>>Oiitj 
ElgSfefflCONPN h7V^^^jo(7)^(7)^ttlfB I /O 

i27-^ifi«i^^-^^ £*rr5, JWEE 

(8) »6*E*OE SDfi«l3»fc:*3^T, 

»SE SD«»HIfto 

(9) JR6TO*©ESDffiWIIIfttC*5^T, ^V*" 

fcd^ft< i:t>l *bic*-T<5, StlEESD 

(10) f 6i|Sf ^ESDM§5S(^^T, *V 

a— KoflftE^— y yhy^hyy^2i^i 2^ 

(11) fi 1 jme«^e s D«fiia»^*3t^r , jtoe 

-T 7 ^ IS ft ft* * 3i/^«<o * (cgBS $ *ij&>o A^J 
/fib*'*^ Kt«*StlfcPMO S h7Vv^^£, m 

30 «iR$nft:P}»ttiR«*&. zm-tz. iweesd»» 

(12) jbi*e*oe SD«»Eift^*5^r, «te 
osh7^^^ siiESS^*icffi«*n3a^omE 

NMOS h7^^^«c*tt*ixfcP«aiR«*fc, *: 
S9EE SDtft»(Ufto 

[0041] (13) {ftm««ffi(c*jttsnfca*3i 

40 HMO«*NPNh7^#t, MEA 

* h y i/t^t^i^nm^iWPNP h7v^ 

^oau^ Sr«*-r 6 S«*« *.fcB*tf>»B«0 P N 
p h^v^^^oioOWS, P N 

(14) *1 3*E«oe SD««I3ft«ciSV^r, AO 
5<? gSg^ix, ^ofttjESfl-o^aCT^PNP h7^^^w 
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IE@**>SiSfl0PNP h 7>i?X?<D^Z yVW&^W, 
tfrfS, P IMBESDfKttEl 

(15) Ml 43gf5«<7>E SD««HK«c*5V^r, ffi 
E*»:ffl£>PN* r 'f KOlo^PN^t- K^ftr 

ft5E&fRffl£MSfl£NPN h7^^ioolfNP 

< £t> im<D®^<msv a>«j«aEX* (scr) 
bic^r-rs, TWEE sD«»mg& 0 

(16) mi 3TO«<OE SDftflllHlK^^St^r, fltf 

E*«fc«coPNy-f Kidifc?ij|c*Ms*nfca!*|piy 

(i 7) mi 3TO*<&e sD««0»tc*3^-t\ m 
^r*&^ * s tc x vm&m&mft s * 

7^IffM^5^l:, S9l5*«:ffl^PN^>r 
KO'>4< t h 1 fio^^- KOfJfSN^ffim^ 
*&JWlBP»tt1ft«*iO|IB^««**tfc^ft< £ t> i 

[0 0 4 2 ] (18) ItOllf PNP 

li^NPN h 7 Vv^^CD^— ^*5ctt^ft}|5@ 
^cD^iE^PNP h 9 ^isx#<D=i \s$ # ^Jfrlfcir Z> , 

mu&mt. t»iB'>4<it>ii(Z)NPNh7>'^^ 

C0^15^<— ^O^EEU^<^^:*^:-rS7t«>(c, USES* 

r^matc^^-r^^ i»KiUfc< fcfciM*>NPN 

(19) mi 8iIE*^*-ft(C*5^T, £ 1 

PN h7^^^«X./tif^)^y 3 VttJSPSEiffiS 

(SCR) £E SDttl^TT- h V tf-TZ&m&Z hie 
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